Hyperprolinaemia is a disorder of metabolism characterised biochemically by a raised concentration of plasma proline and by aminoaciduria consisting of proline, hydroxyproline, and glycine. The urinary excretion of hydroxyproline and glycine is due to a saturation by proline of an active transport system in the renal tubule, which shares affinity for proline, hydroxyproline, and glycine.' 2 Proline and hydroxyproline are non-essential amino acids. Beyond early infancy there is virtually no proline in normal urine.
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Twenty families with the rare biochemical disorder, hyperprolinaemia, are known to the authors from the literature. '1 3On the basis of the findings in these families and pedigrees the hyperprolinaemia trait can be divided into two forms: type I hyperprolinaemia, caused by defective proline oxidase activity and type II hyperprolinaemia, caused by deficient A-pyrroline-5-carboxylic acid dehydrogenase (P5CD) activity. Both forms are the result of mutant alleles at different genetic loci and are inherited in autosomal recessive fashion. Consanguinity of the parents was noted in several of the 20 previously reported families.
Metabolism of L-proline and clinical phenotypes
L-proline is first oxidised by proline oxidase to A-pyrroline-5-carboxylic acid (P5C). P5C is in equilibrium spontaneously with glutamic acid y semialdehyde, which is oxidised by P5CD to glutamic acid. Glutamic acid semialdehyde can also be transaminated to form ornithine. Proline oxidase is mitochondrial and found in relatively few tissues while P5CD is cytosolic and ubiquitous.4 The pathway of mammalian proline metabolism is shown in fig 1. Based on a number of reports the normal plasma proline range may lie between 80 and 350 imol/l. ' 5 The concentration in type II hyperprolinaemia, with few exceptions, is in excess of 1300 jmol/I and may be as high as 3000 [imol/l, whereas, in type I the concentration rarely exceeds 1700 ,umol/l. As The method described by Strecker was used in testing for orthoaminobenzaldehyde reactive substances in the urine. 18 Plasma P5C concentration and leucocyte P5CD activity were quantitated on five subjects with prolinuria and hyperprolinaemia and 32 other pedigree members and two normal controls. For plasma P5C concentrations, 10 ml of heparinised whole blood was immediately chilled in an ice slurry. Plasma obtained by centrifugation was deproteinised with 50% trichloroacetic acid to a final concentration of 10% and stored at -20°C. Plasma P5C concentrations were determined by a published method.'9 For P5CD measurements, leucocytes were obtained by dextran sedimentation from 10 ml of heparinised whole blood. The cells were washed twice in phosphate buffer (0.1 M, pH 8-0) and stored at -20°C. The samples were carried to Bethesda, Maryland in carbon dioxide snow. P5CD activities were measured using a previously described specific radioisotopic method,20 and proteins in the extracts were estimated by the method of Lowry et al.
Results
In addition to the proband, who was discovered to have hyperprolinaemia in 1972, at 10 years of age, prolinuria was found in a further 13 subjects (three males, 10 females) from five families. Serum proline concentration was above 2000 .tmol/l in 10 and slightly under that level in two (table 1) . It was not convenient to take blood from one child (V.19) but quantitative urinalysis showed iminoglycinuria. ,umol/l. Two non-pedigree controls had concentra- With the object of establishing a contrast with the pedigree of the proband, the homes and caravans of all other non-pedigree travellers located in the same general area, to a total of 41 families with 259 children and young adults, were visited and medical histories taken. First cousin marriage was less common than in the proband pedigree. While not near related to the pedigree, some would have common ancestors. There were three (1X2%) with a history of recurrent seizures and none had an isolated single seizure. The pedigree families and the non-pedigree families were not matched for age and sex but were of generally similar structure. Just three of the non-pedigree travellers had serum proline estimated, all being normal.
FAMILY PEDIGREES AND CLINICAL FINDINGS
Among the pedigree sampled there were 71 marriages. Only three of these were not between first to third degree cousins. Families containing one or more members with hyperprolinaemia or other significant finding are set out in fig 2 One other consanguineous couple had two children (V.40 and 41) with severe mental handicap and epilepsy since early childhood. Both had a normal urine and serum amino acid profile. The elder child died at 9 years of age subsequent to being studied. A third recently born child appeared normal. Their mother (IV.75) had mild hyperprolinaemia. One young woman (IV.38) developed grand mal seizures in late teenage. The second generation ancestor (II.2) suffered from traumatic epilepsy for five years before his death at 54 years of age.
In the remainder of the extended pedigree (not shown in fig 2) there was one child with spina bifida who had occasional seizures, two who had single febrile convulsions, and one with multiple congenital defects. Other than subject 11.2, all the persons referred to are the offspring of teenage marriages of first cousins.
In addition to those of the proband, hospital records or discharge reports were available for eight of those with type II hyperprolinaemia in respect of 30 admissions because of seizures and fever ranging up to 41°C. Upper respiratory tract infection, sometimes associated with vomiting, was the most common positive finding, with no evidence of major underlying pathology. There were three episodes of diarrhoea and meningism with negative results on lumbar puncture. Electroencephalographic reports were available for four pedigree children. Three with type II hyperprolinaemia gave a normal reading, but subject IV.56, with a normal proline profile and who was on maintenance anticonvulsants, indicated a convulsive tendency.
MATERNAL HYPERPROLINAEMIA Four women with type II hyperprolinaemia had teenage marriages. Subject IV.17 had eight children, IV.46 had five children, IV.50 had three children, and IV.54 had two children. With a single exception, the children were physically and developmentally normal. The exception was the third child of IV. 17. He was the child with mild hyperprolinaemia, alaninaemia, and multiple congenital defects referred to earlier (V.34). The mother of this family (IV. 17), who suffered occasionally from depression, had a pulmonary embolus six days after her sixth confinement. A further confinement three years later was uneventful but her eighth confinement, after another six years, was followed by pulmonary embolus 10 days after the birth. Thus 17 of 18 children born to mothers with type II hyperprolinaemia appeared physically and developmentally normal. Five of the 10 children of one man with type II hyperprolinaemia (IV.45) had type II hyperprolinaemia, four had had seizures and one had mild mental handicap. The remaining five children were apparently healthy. Another man with type II hyperprolinaemia (IV.42) had eight healthy children (not shown in fig 2) .
Discussion
The biochemical findings in 14 members of this pedigree fulfilled the established criteria for type II hyperprolinaemia, namely, appreciable hyperprolinaemia, iminoglycinuria, and orthoaminobenzaldehyde reactive substances in the urine. Unfortunately, it was not feasible to assay for leucocyte P5CD activity and plasma P5C in the entire pedigree because of the nomadic life style of some and unwillingness for further sampling in others. But in five affected and 31 other members of the pedigree in which P5CD and P5C assays were done, the initial diagnosis was confirmed in every case. In agreement with findings in previously reported pedigrees, proline was the sole raised serum amino acid. The unusual, if not unique, association of hyperglycinaemia with hyperprolinaemia reported by Pavone 
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